We present 8.4 GHz VLA A-configuration observations of 87 sources from the mid-infrared-selected AGN sample of Rush et al. (1993) . These 0.25 arcsec resolution observations allow elongated radio structures tens of parsecs in size to be resolved and enable radio components smaller than 3.5 arcsec to be isolated from diffuse galactic disc emission. When combined with previous data, matched radio observations covering ninety percent of the sample have been collected and these represent the largest sub-arcsecond-resolution radio imaging survey of a homogeneously-selected sample of Seyfert galaxies to date.
INTRODUCTION
Exceptional amounts of energy are being released at the centres of a few percent of all galaxies. These Active Galactic Nuclei (AGN) are among the most luminous objects in the Universe and may emit more radiation than an entire galaxy from a region thought to be around ten thousand times as small. Seyfert nuclei, which are usually found in nearby spiral galaxies, are an important class of AGN because of the high quality and wide variety of information we may obtain about them and their host galaxies: they are sufficiently close and sufficiently luminous to be observed with good linear resolution using a variety of important techniques. For these reasons, samples of Seyfert galaxies may be defined more selectively than other classes of AGN and permit detailed comparisons of a wider range of properties.
Radio studies of several Seyferts show highly-collimated structures similar to those found in radio galaxies e.g. Markarian 3 , Markarian 6 (Kukula et al. 1996) , Markarian 463 (Mazzarella et al. 1991) , NGC 1068 (Ulvestad et al. 1987) , and NGC 4151 . Hubble Space Telescope images have confirmed that small-scale radio structures are often associated with individual narrow-line-region features (Falcke et al. 1998; Capetti et al. 1999) , as previously suspected from groundbased spectroscopy (Whittle et al. 1988; Haniff et al. 1988) and it is now clear that the outflows which cause collimated radio structures have a direct influence on the narrow-line emission we observe (see models by Steffen et al. 1997 and Bicknell et al. 1998) . Despite this, the importance of collimated outflows from Seyfert nuclei is often overlooked. In order to incorporate the radio properties of Seyfert nuclei into models of their activity and provide the context for studies of well-known individual Seyfert galaxies, it is necessary to document their generic radio properties.
Early statistical studies of the radio properties of Seyfert galaxies were carried out by Wade (1968) and de Bruyn & Wilson (1976) . The radio properties of the following samples of Seyferts have been studied subsequently; Seyferts from the lists of Markarian (Meurs & Wilson 1984; Ulvestad & Wilson 1984a) , distance-limited samples (Ulvestad & Wilson 1984b; Ulvestad & Wilson 1989; Nagar et al. 1999) , an X-ray flux-limited sample (Unger et al. 1987) , the CfA Seyfert sample (Edelson 1987; Kukula et al. 1995; Rush et al. 1996) , samples selected from the literature (Giuricin et al. 1990; Whittle 1992) , far-infrared-selected samples (Roy et al. 1994 ; Giuricin et al. 1996 ; Roy et al. 1998 ) and the mid-infrared-selected extended 12 µm sam-ple (Rush et al. 1996) . Large, unbiased samples are required to compare the properties of the two types of Seyfert galaxy, but the definition of such samples is problematic. Ideally, all physically-similar objects within a certain volume of space should be selected, however this is extremely difficult to achieve. In practice the selection criteria together with observational limitations tend to bias samples towards certain classes of object.
In this paper we present observations of the extended 12 µm AGN sample of Rush et al. (1993) using an observing technique which has been chosen to optimize sensitivity to small-scale radio structures i.e. the VLA in Aconfiguration at 8.4 GHz. This sample is one of the largest homogeneously-selected samples of Seyfert galaxies available and contains well-matched populations of type 1 and type 2 sources. The paper is organized as follows; in Section 2 we briefly describe the sample, in Section 3 we describe the observations and data reduction, in Section 4 we present the results and in Section 5 we explain how 5 radio-loud objects from the sample may be identified. An analysis of the radio properties of the sample will be carried out in subsequent papers.
A value of H• = 75 km s −1 Mpc −1 is assumed throughout.
THE EXTENDED 12-MICRON SAMPLE
The extended 12 µm AGN sample of Rush et al. (1993) is an extension of the original 12 µm AGN sample of Spinoglio & Malkan (1989) to fainter flux levels using the IRAS Faint Source Catalogue Version 2 (Moshir 1991) . From an initial sample of 893 mid-infrared-bright sources, AGN catalogues were used to define a subsample of active galaxies which contains 118 objects, the majority of which are Seyfert galaxies. The sample was selected at 12 µm in order to minimize wavelength-dependent selection effects. Spinoglio & Malkan (1989) proposed that this wavelength carries an approximately constant fraction, around 20%, of the bolometric flux for quasars and both types of Seyfert.
Previous radio observations of part of the extended 12 µm AGN sample have been made by Nagar et al. (1999) who observed 16 sources with the same resolution as the observations presented in this paper and Rush et al. (1996) who presented lower resolution observations of the original 12 µm sample which includes 51 sources from the extended sample. The hard X-ray properties of the sample have been studied by Barcons et al. (1995) and the host galaxies of the sample have been studied by Hunt & Malkan (1999) .
THE OBSERVATIONS
We have made new observations of 87 sources and when combined with matched observations of 19 sources from the CfA Seyfert sample (Kukula et al. 1995) these observations cover 91% of the AGN sample of Rush et al. (1993) . Of the 12 sources not observed, 10 are unobservable at the VLA due to their low declination and two are well-studied radio sources (3C 120 and 3C 273) .
An almost identical observing strategy to that used by Kukula et al. (1995) was followed for all observations. The Very Large Array ⋆ (VLA) was used in A-configuration at 8.4 GHz in snapshot mode with approximately 16 minutes on each source and approximately 6 minutes on a corresponding phase calibrator. J2000 co-ordinates were used, with phase calibrators selected from the A-category NRAO list and the list of Patnaik et al. (1992) . In theory the positional accuracy of the final images is 0.005 arcsec, but to allow for atmospheric fluctuations we adopt a conservative estimate of 0.05 arcsec. Due to an on-line computer failure during the initial observing run, the 87 new sources observed were split between two separate observing runs. The final radio database will therefore contain data from 3 separate epochs; 15th July 1995 (63 sources), 25th November 1996 (24 sources) and June 1991 (19 sources from the CfA sample). The epoch of each new observation is indicated in Table 1 .
Between the 1995 run and the 1996 run, the two default VLA observing frequencies changed from 8. 415 and 8.464 GHz to 8.435 and 8.485 GHz to avoid interference. The mean 1-σ noise level for all maps was 53±20 µJy; 56±16 µJy for the 1995 maps compared with 44±26 µJy beam −1 for the 1996 maps. Table 1 gives the noise levels for individual maps. Mean noise values have been calculated using only those thermal-noise-limited sources (peak flux < 100 mJy beam −1 ) observed at high elevation (axial ratio of beam < 5), errors represent the standard deviation of the mean.
All data processing, including calibration and mapping, was performed using the Astronomical Image Processing System (AIPS) in the standard way. The data were Fouriertransformed using a natural weighting scheme in order to maximize sensitivity. After CLEAN deconvolution, the maps were restored with a 0.25 arcsec FWHM Gaussian beam. The largest detectable angular size in this configuration is 3.5 arcsec. Seventeen strong sources, whose peak flux density exceeded 10 mJy, were subjected to several cycles of self-calibration. In the final maps the sensitivity approached thermal noise levels (1-σ < 120 µJy beam −1 ) for all except 5 sources, these were either bright (> 100 mJy beam −1 ) or observed at low elevation (axial ratio of beam > 5).
RESULTS AND ANALYSIS

Observational results
Contour maps of all detected sources are shown in Figure  1 . The ellipse in the lower left-hand corner shows the shape of the restoring beam at half power. Optical nuclear positions are marked by a cross where they are available from Clements (1981) , Clements (1983) and Argyle & Eldridge (1990) ; the diameter of the cross shows the 2-σ positional uncertainty.
Descriptions of the radio maps are shown in Table 1 which is arranged as follows; Column 1: Galaxy name, a dagger ( †) indicates data from the July 1995 observing run and an asterisk ( * ) indicates data from the November 1996 observing run. Column 2: Beam major axis, θmaj . Column 3: Beam minor axis, θmin. Column 4: Beam position angle in degrees, PA. Column 5: Peak flux density, S peak (mJy/beam). Column 6: The root mean square noise, σ, measured at the edge of the field where no deconvolution techniques were applied (µJy/beam). Column 7: Contour levels for each map (µJy/beam). Where possible the base contour level was set at 3-σ however in 28% of the maps instrumental 'side-lobes' were present and the base contour level was set at a level which excluded obvious spurious features. Side-lobes result from the incomplete coverage of the uv-plane of the interferometer. They are usually removed by deconvolution techniques such as CLEAN but can remain strong when the original data are of poor quality or badly calibrated, or when the target source is particularly bright or observed at low elevation.
Description of sources
A brief description of those sources with unusual radio morphologies is given below (all positions are given in J2000 co-ordinates).
NGC 34 (Markarian 938): This infrared-luminous galaxy is in the advanced stage of a merger with two nuclei separated by approximately 6 kpc. The weak [O III] emission and strong Hα emission, which is distributed over the entire galaxy, indicate that this galaxy is more properly classified as a starburst galaxy rather than a Seyfert galaxy (Mulchaey et al. 1996) .
Note that NGC 34 contains a bright radio source more luminous than two-thirds of the Seyferts observed (P8.4GHz=1×10
22 WHz −1 ) and slightly resolved with a deconvolved size of 0.4 arcsec (150 pc) and position angle of 140
• . High-resolution mid-infrared images show a double source separated by approximately 1.2 arcsec, with the fainter source at a position angle of around 180
• from the brighter source (Miles et al. 1996) . Radio observations by Condon et al. (1991) show a faint southern radio extension, not found in our map, which is consistent with the infrared structure.
NGC 526A: NGC 526A is strongly interacting with a galaxy to the east. The position of the slightly resolved radio source is closer to the peak in the optical continuum than to the apex of the putative emission-line wedge identified by Mulchaey et al. (1996) ; whereas the emission-line wedge has a position angle of 123
• , that of the radio source is 43 • 11 ′ 49.6 ′′ ; positions are taken from the NASA/IPAC Extragalactic Database (NED) as described by Helou et al. (1995) . The new observations show MCG +05-06-036. This source has extended 'wings' of radio emission symmetrical about a central bright component.
NGC 1125: The radio source has a clear linear structure with 3 aligned compact components at a position angle of 120
• . The radio structure is not aligned with the slightly resolved [O III] emission at a position angle of 56
• (Mulchaey et al. 1996 ′′ . This weak source is well beyond the optical radius of the host galaxy, which extends westwards approximately 6 kpc, and is unlikely to be related to the Seyfert nucleus.
Markarian 6 (UGC 3547): This source contains a central, well-collimated radio structure. On larger scales, features suggestive of shells or bubbles are seen at varying position angles Kukula et al. 1996) .
Markarian 79 (UGC 3973) : This large radio source shows a linear structure with 3 clearly aligned components. Lower resolution measurements, at lower frequency, show that the southern component is stronger than the northern component (Ulvestad & Wilson 1984a) , whereas in our image these components are almost equally bright.
NGC 2639 (UGC 4544): The source has a bright core and symmetrical east-west 'wings'. In our map, the core-towings brightness ratio is an order of magnitude higher than in the 6 cm map of Ulvestad & Wilson (1984a) ; probably due to core variability. NGC 2639 displays the rare properties of H2O megamaser emission and VLBIscale radio emission (Hummel et al. 1982) . It has also been classified as a LINER.
NGC 2992 (Arp 245): This edge-on, interacting galaxy has unusual 'loops' of diffuse radio emission (Wehrle & Morris 1988; Colbert et al. 1996) .
NGC Figure 1 ), but not the nearby Seyfert nucleus.
NGC 5135: Despite the bright radio flux of the nucleus at lower resolutions and frequencies (Ulvestad & Wilson 1989) , no radio emission is observed at the nucleus in the current observations. Wynn-Williams & Becklin (1993) have suggested that, "most of the radio emission of this Seyfert galaxy emanates from structures on either side of the nucleus rather than from the nucleus itself". We detect a weak component with a flux density of 2.33 mJy at α=13 h 25 m 44.9 s , δ=-29
• 50 ′ 16.17 ′′ , but it is unlikely to be related to the active nucleus (see Section 4.3).
Markarian 273 (UGC 8696, I Zw 071): This doublenucleus source is one of the most ultra-luminous infrared galaxies known. The radio continuum shows two compact radio components separated by approximately 600 pc. The radio structure has been mapped previously by Condon et al. (1991) , who classify it as a compact starburst, and Knapen et al. (1997) .
Markarian 463 (UGC 8850): Three aligned north-south radio components are detected in this well-studied doublenucleus galaxy. North-south radio structures have previously been observed from VLBI-scales (Hummel et al. 1982; Kukula et al. 1999 ) to up to 18 kpc south of the nucleus (Mazzarella et al. 1991) . The new observations match the 6 Table 1 . Key to radio maps presented in Figure 1 .
c 0000 RAS, MNRAS 000, 000-000 cm radio structure observed by Mazzarella et al. (1991) with the exception of the weak central radio component which appears to coincide with a bright knot in the aligned optical jet (Uomoto et al. 1993) . This is the second most radioluminous Seyfert in the extended 12 µm sample. NGC 5506: This edge-on galaxy has a compact core surrounded by a diffuse halo. The 'loop' identified by Wehrle & Morris (1987) is just traceable to the north-west of the core (see also Colbert et al. 1996) .
UGC 9913 (Arp 220): The two closely separated radio components are the nuclei of this well-known doublenucleus galaxy. The nature of its activity is uncertain. Despite being the 7th most radio-luminous radio-quiet source in the extended 12 µm sample, recent VLBI observations by Smith et al. (1998) provide strong evidence that the radio emission from the north-western component originates in a compact nuclear starburst.
IRAS F22017+0319: If the weak northernmost component is included, this source is a linearly aligned triple radio source.
NGC 7314: This variable X-ray source is a north-south radio double.
MCG-03-58-007: A north-south radio double. NGC 7582: The source has a diffuse radio structure consistent with the lower-resolution observations of Ulvestad & Wilson (1984b) .
Radio properties
Radio parameters for all observed sources from the extended 12 µm AGN sample are given in Table 2 ; radio parameters derived by Kukula et al. (1995) for 19 sources which belong to the CfA sample have also been included. The table is organized as follows; Column 1: Galaxy name. An asterisk ( * ) is used to indicate those sources whose radio parameters are taken from Kukula et al. (1995) . Column 2: Seyfert type. For this paper objects are classified simply as type 1 or type 2 following Rush et al. (1993) except where alternative classifications have been proposed by Dopita et al. (1998) (9 sources) and Mulchaey et al. (1996) (NGC 34). Reclassified sources are labeled using the following the abbreviations; Q for Quasar, L for LINER and sb for Starburst. For these sources, the classification given by Rush et al is given in parenthesis. Column 3: Redshift, as taken from Rush et al. (1993) . Columns 4 and 5: Right ascension, RA (h, m, s), and declination, Dec (deg, arcmin, arcsec), of each radio component in J2000 co-ordinates. Positions were determined by Gaussian fitting. For point-like sources the accuracy of fit, estimated by comparing the modelled and measured flux densities, was found to be around 5%. Column 6: Integrated flux density of each component, S (mJy/beam). The mean flux density of each component was measured directly from the map. Care was taken to ensure that the effects of non-zero background levels were taken into account. The uncertainty on each flux measurement may be estimated by combining the calibration error Table 2 -continued c 0000 RAS, MNRAS 000, 000-000 (Weiler et al. 1986 estimated a value of around 4%) and the map error for each source (around 4% for strong sources and 14% for weak sources). For those sources which were not detected an upper limit on their radio flux of 5-σ has been assumed. In multiple component sources the component nearest the photographic position (taken from NED) is labeled with a dagger symbol ( †). Ninety-three percent of the sources had at least one radio component within 2-σ of the available photographic position; of the others, four show close alignment between the radio position and the galactic centre as judged from Palomar Sky Survey images (MCG-3-7-11, NGC 5194 = M51, NGC 5033 and NGC 5005) and 2 have been excluded from further analysis (NGC 4922A/B and NGC 5135). The sky density of sources above the average 3-σ detection threshold of 159 µJy at 8.4 GHz has been estimated by Windhorst et al. (1993) and implies a 2% probability of detecting an unrelated source within the 51 ×51 arcsec 2 field-of-view. Column 7: Maximum angular size of radio structure in arcseconds, θ. For unresolved sources an upper limit to the angular size was taken as one third of the major axis of the beam. For slightly resolved sources the angular size was taken as the length of the major axis of the nominal deconvolution † for single Gaussian fits, or the maximum separation of the peaks for multiple Gaussian fits. For all other sources the maximum size measured was either the maximum peak separation (for those sources with point-like components) or the maximum size at the lowest contour (for those sources with diffuse components). Column 8: Maximum linear size in parsecs, D, assuming H• = 75 km s −1 Mpc −1 . Column 9: Type of radio structure, T rad , according to the notation used by Ulvestad & Wilson (1984a) : U for single unresolved sources, S for single slightly-resolved sources, A for sources with ambiguous structures, D for sources with diffuse structures and L for sources with possible linear structures (sources with two components, sources with three or more aligned components or sources with extended linear components). Gaussian fitting was used to distinguish between types U and S, type S sources had a signal to noise ratio greater than 20 and a nominal deconvolution size greater than one third of the beam at FWHM. Column 10: Position angle of radio structure, PA, measured North to East from 0
• to 180
• . For partially resolved sources (type S) the position angle of the nominal deconvolution was used. The position angle of clearly resolved linear sources (type L) was measured directly from the map.
THE IDENTIFICATION OF RADIO-LOUD SOURCES
The distinction between 'radio-loud' and 'radio-quiet' AGN (Kellerman et al. 1989; Miller et al. 1990 ) is widely accepted and usually thought to result from truly distinguishable physical processes (e.g. Wilson & Colbert 1995) . In this section we describe the identification of five radio-loud objects in the extended 12 µm AGN sample (OJ 287, 3C 120, 3C 234, 3C 273 and 3C 445) ; these sources will be excluded † The nominal deconvolution is obtained when the Gaussian fit to a component is deconvolved from the CLEAN beam from further statistical analysis and henceforth the remaining sources will be referred to as the extended 12 µm Seyfert sample.
We have chosen to use the radio to far-infrared luminosity ratio as the main diagnostic of 'radio-loudness'. This has been done by using IRAS FSC 60 µm luminosities and our newly-measured 8.4 GHz (3.6 cm) radio luminosities; single-dish radio observations from Wright et al. 1991 were used for the two unobserved radio-loud objects, 3C 120 and 3C 273, and 3C 445 for which the majority of the flux is outside the field-of-view of the new observations. The radio to far-infrared luminosity ratio is probably a more useful indicator of radio-loudness than the radio luminosity alone given that the bolometric luminosities of the sources in the sample are likely to span several orders of magnitude. Figure 2 is a histogram showing the frequency of sources in the extended 12 µm AGN sample per logarithmic radio to far-infrared luminosity ratio interval ∆log(L3.6cm/L60µm) = 0.4; the L3.6cm/L60µm ratio for each detected source is given in Table 3 . The 5 excluded sources have the highest radio to far-infrared luminosity ratios of the sample; all have log(L3.6cm/L60µm) ratios greater than -4.6, whereas log(L3.6cm/L60µm) ratios are less than -5.1 for the Seyferts. These values are in agreement with the radio to far-infrared luminosity ratios used by Rush et al. (1996) to identify 3 of the same radio-loud sources in the original 12 µm AGN sample (OJ287, 3C 120 and 3C 273). The mean ratio between the 8.4 GHz A-configuration flux to the 5 GHz Dconfiguration flux for those sources observed by Rush et al. (1996) is around 0.3; this ratio is consistent with a mean radio spectral index of α = -0.7 (Rush et al. 1996 ) and a A-configuration to D-configuration flux ratio of around 0.5. Using this flux ratio, the radio to far-infrared luminosity ratios used by Rush et al. (1996) translate to -4.7 < log(L3.6cm/L60µm) < -2.3 for radio-loud sources and -6.3 < log(L3.6cm/L60µm) < -4.8 for radio-quiet sources.
Note that there is no clear evidence for a bimodal distribution of the radio to far-infrared luminosity ratio, possibly because of the infrared flux-limit used to define the sample. As well as having the highest radio to far-infrared luminosity Table 3 . Detected sources ranked according to decreasing L 3.6cm /L 60µm (L rad /L ir ) luminosity ratio.
ratios, the radio-loud sources we have identified are also the 5 most radio luminous sources in the sample, being the only sources more luminous than L3.6cm > 10 24 WHz. They are all well-known objects with powerful jets; three show superluminal motions in their jet components (OJ287, 3C120 and 3C273, as cited by Ghosh & Soundararajaperumal 1995) and the other two are classical FR-II radio galaxies with radio structures hundreds of kiloparsecs in size (see Leahy et al. 1986 and Leahy et al. 1997 for images of 3C234 and 3C445 respectively). A strong reason for excluding these sources is that they are broad-line objects which, when grouped with the Seyfert 1 subsample, would systematically affect comparisons between the two Seyfert types.
SUMMARY
The maps presented in this paper reveal for the first time the sub-arcsecond radio structures of Seyferts contained in the extended 12 µm AGN sample. They provide a large and homogeneously-selected database for investigating the generic properties of compact radio cores in Seyfert nuclei.
Seventy-five of the 87 sources observed were detected; 36 contain single unresolved radio sources, 13 contain single slightly-resolved radio sources, 9 contain radio sources with diffuse or ambiguous structures, 8 contain radio sources with two distinguishable components and 9 contain radio sources with three or more linearly-aligned components or extended linear structures. Subsequent papers will discuss the statistical properties of the sample in detail, paying particular attention to comparisons of the radio powers and radio morphologies of the two Seyfert types.
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